Study design: Prospective, randomized and controlled study. Objectives: The aim of the study was to investigate the effect of intermittent normobaric hyperoxia (InHO) for treatment of neuropathic pain in patients with spinal cord injury (SCI). Setting: The First Affiliated Hospital of Nanhua University, Hengyang, Hunan Province, China. Methods: Patients with SCI from Hunan Province were recruited from the First Affiliated Hospital of Nanhua University. History, duration, localization and characteristics of pain were recorded. Visual analog scale (VAS), the Patient Global Impression of Change (PGIC) and Short Form-36 walk-wheel (SF-36ww) was used to investigate the effect of InHO. Patients were randomly assigned to study and control groups. In study group, patients were exposed to pure oxygen via non-rebreathing reservoir mask, which increased the provided oxygen at a rate of 7 l min − 1 for 1 or 4 h daily in 2 weeks. While in control group, patients breathed air via non-rebreathing reservoir mask at the same rate. Results: A total of 62 SCI patients with neuropathic pain were included in the study. The mean age of the patients was 36.85 ± 10.71 years. Out of 62 patients, 21 were tetraplegic and 41 were paraplegic. Overall, 14 patients had complete SCI while 48 patients had incomplete injuries. Three groups were similar with respect to age, gender, duration, smoker or not, level and severity of injury. In the 4 h per day InHO groups, a statistically significant reduction of the VAS values was observed (Po0.05). Significant difference was also found in SF-36ww pain scores and PGIC (Po0.05). However, such an effect was not evident in the control group. In one-third of those, the pain is severe. 3 Chronic neuropathic pain is often associated with conditions such as depression and anxiety, and strongly affects daily functioning and overall quality of life. 4,5 Many people with SCI rate chronic neuropathic pain as one of the most difficult problems to manage. Pharmacotherapy includes anticonvulsants, antidepressants, opioids and local anesthetics, 6,7 but responses vary and side effects limit compliance. Non-pharmacological treatments such as physical therapy, relaxation, hyperbaric oxygen and acupuncture are suggested. [8] [9] [10] [11] [12] [13] Oxygen therapy has been clinically used for the treatment of chronic obstructive pulmonary disease and severe oxygen desaturation. Recent researches have reported that oxygen therapy appears to be effective in the pain management and show same effectiveness as hyperbaric oxygen. [14] [15] [16] Though studies have revealed the analgesic effect of hyperbaric oxygen in both rats and human with neuropathic pain, 13,17-19 costs and poor availability limit the use of hyperbaric oxygen. These prompt us to investigate the effect of intermittent normobaric hyperoxia (InHO) in the treatment of neuropathic pain.
INTRODUCTION
Persistent pain is a frequent secondary complication following spinal cord injury (SCI), with approximately 70% of persons with SCI reporting some form of pain and approximately 30% of these manifests as neuropathic pain. 1, 2 In one-third of those, the pain is severe. 3 Chronic neuropathic pain is often associated with conditions such as depression and anxiety, and strongly affects daily functioning and overall quality of life. 4, 5 Many people with SCI rate chronic neuropathic pain as one of the most difficult problems to manage. Pharmacotherapy includes anticonvulsants, antidepressants, opioids and local anesthetics, 6, 7 but responses vary and side effects limit compliance. Non-pharmacological treatments such as physical therapy, relaxation, hyperbaric oxygen and acupuncture are suggested. [8] [9] [10] [11] [12] [13] Oxygen therapy has been clinically used for the treatment of chronic obstructive pulmonary disease and severe oxygen desaturation. Recent researches have reported that oxygen therapy appears to be effective in the pain management and show same effectiveness as hyperbaric oxygen. [14] [15] [16] Though studies have revealed the analgesic effect of hyperbaric oxygen in both rats and human with neuropathic pain, 13, [17] [18] [19] costs and poor availability limit the use of hyperbaric oxygen. These prompt us to investigate the effect of intermittent normobaric hyperoxia (InHO) in the treatment of neuropathic pain.
In this randomized, double-blind, placebo-controlled study, we aimed to compare the effect of InHO with same flow rate of air in Chinese SCI patients with neuropathic pain.
MATERIALS AND METHODS Participants
Patients with SCI from Hunan Province were recruited from the First Affiliated Hospital of Nanhua University. Individuals were considered eligible if they were between 18 and 62 years of age, with chronic pain that developed following injury, and SCI of more than 3 months' duration. Exclusion criteria included having a history of moderate-to-severe traumatic brain injury or diagnosis of severe psychiatric disorder. Due to InHO, those with chronic obstructive lung disease, pneumothorax, upper respiratory infection, fever, viral infection, history of seizure, optic nerve inflammation and history of ear surgery were also excluded. Women were excluded if they were pregnant or breastfeeding.
All patients were required to have a score 44 cm on the 10 cm visual analog scale (VAS) of the Short-Form-McGill Pain Questionnaire at screening (before a 2-week, single-blind, placebo run-in period) and at randomization. Neuropathic pain was diagnosed by the examination of an experienced physiatrist and confirmed with a LANSS score of 12 and above. 20 All patients were prescribed to take 10 mg per day of amitriptyline at 2000 h for at least 15 days for a stable effect before treatment. We refrained from using any other medication for pain. 20 This study was approved by the Medical Ethics Committee of the First Affiliated Hospital of Nanhua University, and all participants gave informed consent to participate.
Study design and treatment
This was an parallel-group, double-blind, randomized clinical trial comparing 2 weeks of flexible-dose InHO with placebo. In study group 1 (A group), patients were exposed to air for the first 3 h and then pure oxygen for 1 h via non-rebreathing reservoir mask for an hour at a rate of 7 l min − 1 . 13, 16 In study group 2 (B group), patients were exposed to pure oxygen for 4 h at the same rate. 21, 22 In control group, patients were exposed to air for 4 h via nonrebreathing reservoir mask. Randomization was preceded by a 2-week, singleblind, placebo run-in period; baseline data were collected at randomization.
Efficacy assessments
Spontaneous pain relief, the primary outcome variable, was assessed by asking participants to indicate the intensity of their current pain on a 10-cm VAS between 0 (no pain) and 10 (worst possible pain) after exposition. As a secondary measure of pain relief, we used the Patient Global Impression of Change (PGIC). 23 To assess patients' quality of life, Short Form-36 walk-wheel (SF-36ww) a modification of the original SF-36 was used. 24 
Statistical analysis
Statistical analysis was performed using the SPSS 18.0 program (SPSS Inc., Chicago, IL, USA). Pre-and post-treatment values in the same groups were compared with paired samples Wilcoxon test. Pre-and post-treatment comparisons in different groups were performed using the Mann-Whitney U-test and repeated measures analysis of variance test.
The Fisher's exact test was used to compare groups by categorical variables. A value of P ⩽ 0.05 was considered statistically significant.
RESULT
The primary outcome of patients Sixty-two patients (39 men and 23 women) participated in the study. Patients' demographic characteristics are summarized in Table 1 .
Mean age was 36.85 ± 10.71 years. No significant difference between groups was observed in gender, age and smoking or not.
Twenty-one patients were tetraplegic and 41 patients were paraplegic (Table 2) .
Average period after injury was 10.25 months (3-21 months) for the patients studied. Average time lapse between the injury and the development of pain was 6.85 months (3-15 months) and average pain duration was 4.3 years (0.3-10.2 months). Locations of neuropathic pain are in Table 3 . When locations and duration of pain, average time lapse between the injury and pain were compared, no statistically significant differences were observed between the groups.
Mean LANSS score was 15.25 (s.d. ± 3.28) with range 13-23.
The primary outcome of pain On the first day, neuropathic pain mean VAS value of three groups were 5.68 ± 1.41 in control group, 6.00 ± 1.37 in A group and 5.39 ± 1.53 in B group (Figure 1 ). No significant difference was observed in mean VAS value of the first day when compared (P = 0.360). After 2 weeks' treatment, mean VAS value of three groups were 5.65 ± 1.53 in control group, 4.91 ± 1.56 in A group and 3.53 ± 1.64 in B group. In the 14th day mean VAS value, a statistically significant difference was observed between control and B group (Po0.001). B group also showed significant difference when compared with A group (P = 0.006). Compared with control group, A group also showed decreasing VAS value, but did not reach significant difference (P = 0.138).
To further investigate the effect of InHO during day time, we evaluated mean VAS value of there groups in the morning, noon, evening and night on the 15th day (Table 4; Figure 2 ). From the table, B group demonstrated significant difference compared with control group all the day. When compared with A group, B group showed significant difference among the morning (P = 0.003), afternoon (P = 0.002) and evening (P = 0.002), but not at the night (P = 0.079). Figure 1 First-and forteenth-day mean VAS scores of three groups (*Po0.05, **Po0.001).
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To further evaluate the long-term effect of neuropathic pain with SCI, day 30 and day 60 mean VAS scores were measured (Figure 3) . Unfortunately, such analgesic effect faded in our trial (data not shown).
These results indicated that InHO therapy can reduce pain temporarily in neuropathic pain with SCI.
The secondary measure of pain relief and quality of life scales On the GPIC, some improvement were reported among three group. Patients in B group showed improvement at day 14 in 42.9% (n = 9), at day 30 in 23.8% (n = 5) and at day 60 in 19.0% (n = 4 ). Patients in A group reported improvement at day 14 in 23.8% (n = 5), at day 30 in 14.3% (n = 3) and at day 60 in 14.3% (n = 3). Control groups showed improvement at day 14 in 20.0% (n = 4), at day 30 in 15.0% (n = 3) and at day 60 in 10% (n = 2). Results were statistically significant at day 14 in B group compared with A group (Po0.001) and control group (Po0.001).
In the bodily pain domain of the SF-36ww, B group showed a significant improvement at day 14 compared with control group and A group, although not at days 30 and 60. The total score of the SF-36ww and other subdomains did not show statistically significant differences (see Figures 4 and 5) .
Side effects
During the therapy, no side effect of InHO was seen. 
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DISCUSSION
Nearly half of SCI patients are at risk of developing neuropathic pain. 8, 12 SCI-related neuropathic pain is often difficult to relieve. Pharmacotherapy includes anticonvulsants, antidepressants, opioids and local anesthetics, 6,7 but responses vary and side effects limit compliance. More and more non-pharmacological treatments, including hyperbaric oxygen, have been introduced for the treatment of SCI-related neuropathic pain. However, few have been involved in InHO therapy. In the present study, we investigated the effect of InHO for treatment of neuropathic pain in Chinese patients with SCI in a case-control, prospective study. The result revealed normobaric hyperoxia therapy produced temporary analgesic effect in SCI patients.
In our study, 4 h InHO for 2 weeks significantly decreased VAS value (about 20%) among SCI patients with neuropathic pain. While 1 h treatment did not reach significant difference compared with treatment with air. Gu et al. 13 reported that treatment with pure oxygen for 70 min for seven consecutive days did not significantly alter the increased thermal sensitivity in neuropathic rats. This result was accordance with ours in SCI patients with neuropathic pain. Maybe 1h InHO therapy is not enough to reach the point to produce analgesic effect. On the GPIC results, 4h per day InHO produced analgesic effect in 42.9% patients, which was o1h hyperbaric oxygen treatment (60-75%). 13 To assess some aspect of quality of life scales, SF-36ww and PGIC were used. Significant difference was found only at day 14 in SF-36ww pain scores and PGIC results, which was accordance with the result of VAS scores. However, no significant difference was found in results of VAS scores, SF-36ww or PGIC beyond day 14. Unlike hyperbaric oxygen, long-term effects of InHO on quality of life was not found in our study. Besides, about 10-20% patients in control group also showed improvements after treatment with air in PGIC results. This was a little lower than the results in Gu's report. 13 Maybe SCI-induced neuropathic pain was more serious than idiopathic trigeminal neuralgia.
Celik et al. 20 reported that neuropathic pain intensity was higher in the night than in the morning, noon and the evening. To investigate the effect of InHO therapy during day time, we used VAS four times daily after treatment for the evaluation of pain severity. Administration of 4h per day InHO reduced pain intensity all the day time compared with control group. However, no significant difference were reached when compared A with B group in the night. This might be the result of alterative pain intensity in the night.
Though the analgesic effect of oxygen therapy have been found for years, the mechanisms of therapeutic effect remain unknown. However, studies in neuroscience give us an insight into the mechanisms in neuropathic pain. First, normobaric hyperoxia treatment has been found to inhibit gp91(phox) expression, Akt activation, NADPH oxidase activity and MMP-2/9 induction; [25] [26] [27] while Akt activation, NADPH oxidase activity and MMP-2/9 induction have been proven to have important roles in the formation and development of neuropathic pain. [28] [29] [30] [31] Second, InHO can increase the expression of tumor necrosis factor-α converting enzyme, which can convert the transmembrane tumor necrosis factor-α into soluble tumor necrosis factor-α. 21 Transmembrane tumor necrosis factor-α increases hypersensitivity of phenotype of sensory neurons and activate microglia. 32, 33 However, soluble tumor necrosis factor-α does not have that function. Third, normobaric hyperoxia can increase antioxidant enzyme activities (superoxide dismutase, catalase, glutathione peroxidase and glutathione reductase). 34 Finally, antioxidant treatment has been proven to protect the spinal GABA neurons from impairment of oxidative stress and subsequently inhibit the development of neuropathic pain. 35 There are also some limitations to our study. The most important one is low participant number and inability. Most studies on oxygen therapy in treatment with pain ranged from 15 to 70 min, [14] [15] [16] and most studies of InHO in neuroscience designated 4 h per day for six consecutive days (almost a week) as their treatment. 21, 22, 34 We regarded daily term (1 h per day, 2 h per day and 4 h per day) and weeks (1 week, 2 weeks and 4 weeks) of InHO therapy as factors. This meant that 10 groups of patients were required for our trial. Unfortunately, only 62 participants was not enough for so many groups. Besides, Gu et al. 13 reported that treatment with pure oxygen for 70 min for seven consecutive days (1 week) did not significantly alter the increased thermal sensitivity in SCI rats. To make the trial proceeding, we only treated patients with 1 h per day and 4 h per day for 2 weeks.
Although statistical significance was detected for some variables, the power for detecting other differences might not have been sufficient, such as evaluation of anxiety, depression and sleep because of the concomitant medications. Nor a longer-term than 2 weeks of InHO was researched, either.
Future study might consist of a prospective study, which would allow for a more complete gathering of some other variables, a larger participant number and a more longer-term treatment of InHO. Ideally, such a study would be powered to obtain statistical significance from major variables of interest.
CONCLUSIONS
Until treatment options for SCI-related neuropathic pain become adequate, all interventions that might help a patient should be considered. InHO therapy may be an effectively complement pharmacological treatment in patients with SCI and neuropathic pain.
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